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The aim of this study was to determine the impact of periodontal disease on the quality of life of individuals with diabetes according
to different clinical criteria (I-AAP, II-Beck, III-Machtei, IV-Lopez, V-Albandar, VI-Tonetti, and VII-CPI). This cross-sectional
study sampled 300 individuals in Belo Horizonte, Brazil. The Oral Health Impact Profile was used to measure the impact of
periodontal disease on quality of life. Prevalence of periodontal disease was 35.3%, 30.7%, 35.0%, 9.7%, 92.3%, 25.3%, and 75.3%
using criteria I, II, III, IV, V, VI, and VII, respectively. The III-Machtei (P = 0.043) and IV-Lopez (P < 0.001) criteria were associated
with OHIP-14; functional limitation was associated with IV-Lopez (P = 0.006) and V-Albandar (P = 0.018) criteria. Pain was only
associated with V-Albandar criteria (P < 0.001). Psychological discomfort was associated with the IV-Lopez (P = 0.018) criteria.
Physical disability was associated with the IV-Lopez (P = 0.047) and V-Tonetti (P = 0.046) criteria. Being handicapped was
associated with the I-AAP (P = 0.025) and II-Beck (P = 0.041) criteria. Concepts of health and disease determined by clinical
diagnostic criteria may influence the assessment of the impact of periodontal disease on diabetics’ quality of life.
1. Introduction
Diabetes mellitus is one of the primary public health
problems. Its chronic nature and the limitations it imposes
contribute significantly to the increase in hospitalization,
disability, and mortality rates. The occurrence of diabetes in
population groups is linked mainly to socioeconomic factors,
cultural factors, stress, and family predisposition [1]. In the
year 2000, the prevalence of diabetes in the world was 171
million, and it is estimated that this number will reach 366
million by 2030 [2]. In Brazil, there are approximately 10
million people with diabetes.
Studies suggest that diabetes is a risk factor for periodon-
tal disease, pointing out that the prevalence, incidence, and
severity of periodontal disease are higher among individuals
with diabetes in comparison to healthy individuals [10,
11]. The mechanisms by which diabetes influences peri-
odontal disease include vascular abnormalities, neutrophil
dysfunction, abnormalities in collagen synthesis, and genetic
predisposition [12].
The most commonly employed clinical parameters for
the diagnosis and classification of periodontal disease are
measurements of the depth of periodontal pockets, clinical
insertion loss, and bleeding upon probing, which often
generate different information regarding the prevalence of
the disease. There is no consensus in the scientific literature
regarding a gold standard clinical diagnostic criterion for
periodontal disease, which limits comparison among differ-
ent studies [13].
The issue of accuracy of periodontal protocols of the
National Health and Nutrition Examination Survey
(NHANES) was discussed. The authors verified that the
periodontal disease case used could lead to an underestimate
of the prevalence of periodontal disease by 50% or more
[14].
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The change in the medical paradigm from focus on
the presence or absence of disease to a broader view that
considers the subjective experience of individuals regarding
physical, social, and psychological wellbeing has allowed
more detailed knowledge of the living conditions of the
population [15]. Beside the need for the convergence of clin-
ical diagnostic criteria, the concomitant use of nonnormative
measures is important to determining whether periodontal
disease causes an impact on people’s daily lives.
One of the first efforts to document this issue in Brazil
was made by Leäo et al., who used the Dental Impact on
Daily Living Index to measure periodontal health impacts on
daily living.We made the highlighted change according to the
list of references. Please check Roughly 60% of interviewed
individuals reported some dissatisfaction with their quality
of life [16]. It has been observed that studies relating the
impact of periodontal disease on quality of life of diabetics
are very scarce. Among these few studies, Drumond-Santana
et al. evaluated the potential impact of periodontal disease
on quality of life in diabetics. They found that diabetics with
mild-to-moderate and advanced periodontal disease suffered
a more negative impact on quality of life than those who were
periodontally healthy or had gingivitis [17]. The Oral Health
Impact Profile (OHIP) and its shortened version, the OHIP-
14, are indexes that can be used for this purpose [18, 19].
Therefore, based on the hypothesis that the impact of
periodontal disease on quality of life may vary depending on
the clinical diagnostic criteria used for its diagnosis, the aim
of this study was to test associations between different clinical
diagnostic criteria for the determination of periodontal
disease and its impact on the daily life of individuals with
diabetes.
2. Methods
A cross-sectional study was carried out in 2005 in the city of
Belo Horizonte, state capital of Minas Gerais, Brazil. The city
has 2,412,937 inhabitants and occupies a strategic position
on the geopolitical maps of Brazil and Latin America [20].
The study was approved by the Ethics Committee of the
Federal University of Minas Gerais (Protocol no. 012/2004).
Sample calculation considered both type I and II errors.
For this, we assumed a 95% confidence interval, 80% power
of test, and parameters of diabetes and quality of life from
Drumond-Santana et al. [17]. The sample calculation by
comparison of proportions presented a higher number than
those found by comparison of means. Thus, we conducted
a different sample size calculation for each dimension of
OHIP-14. This procedure assured, for a sample size of 300
individuals, a type I error = 0.05 and a power of test =
80% for all dimensions of OHIP-14, except for psychological
disability, social disability, and handicap.
We sampled 300 men and women over 30 years of age
with a diagnosis of either type (I and II) of diabetes, and
who were registered and assisted by the Belo Horizonte
health care system. Diagnosis of diabetes was confirmed
by municipality primary care physicians. In all participants
the disease was under control. Sampling procedures were
published elsewhere [21]. The city of Belo Horizonte has
nine administrative districts with differences in the number
of diabetic patients registered. Simple random sampling
was performed for each district. Thus, the number of
randomly selected patients was proportional to the number
of diabetic individuals registered in each district. The
number of individuals examined was determined by a sample
calculation using a formula recommended by the World
Health Organization [22] for the anticipated population
proportion with the occurrence of disease.
The inclusion criteria were individuals who had diabetes
diagnose (either type I or II), up to 30 years old, were regis-
tered in the Belo Horizonte public health care system, were
dentate, and had signed the informed consent. Additionally,
teeth with gingival morphology damage, ill-adapted dental
restorations, large cavitation, or third molars were excluded.
2.1. Definition of Variables. The outcome was the impact of
oral health on the quality of life of adults with diabetes mea-
sured by the modified Oral Health Impact Profile (OHIP-14),
which has been validated for use in Brazil [23]. As the aim
was to investigate the impact of periodontal disease, the word
“gums” was added to 13 questions on the OHIP-14. This
issue was adopted in accordance with Drumond-Santana
et al. [17]. Responses were dichotomized as “no impact”,
which only considered the option “never”, and “impact”,
which considered the options “sometimes” and “always”.
The administration of the OHIP-14 was carried out at basic
health units of the public healthcare system. Periodontal
disease was assessed by the following clinical criteria: gingival
bleeding upon probing, probing depth, and clinical insertion
loss. For the determination of gingival bleeding, a probe
was introduced into the gingival pocket until the limit of
its base, waiting 30 to 60 seconds for the determination
of bleeding. Bleeding was recorded (presence or absence)
using the modified Ainamo and Bay index [24]. Probing
depth was determined from the measurement of the distance
from the gingival margin to the bottom of the gingival sulcus
or periodontal pocket. The values for each of the surfaces
(mesial, distal, vestibular, and lingual) of all the teeth present
were recorded. Clinical attachment loss was determined from
the distance between the enamel-cementum junction and
the bottom of the gingival sulcus or periodontal pocket.
Attachment loss was measured using the enamel-cementum
junction as the base, when visible.
2.2. Clinical Diagnostic Criteria for the Definition of Peri-
odontal Disease. Seven sets of clinical criteria were used to
diagnose periodontal disease and are described in Table 1.
All exams were performed by one researcher (A.M.S.), who
was submitted to the Kappa test (κ) for the determination
of reliability (intraexaminer agreement). For the Kappa test,
all clinical exams were performed at the College of Dentistry,
Federal University of Minas Gerais. A total of 588 dental
surfaces were clinically examined for the Kappa test (κ) cal-
culation, with a one-week interval between each participant’s
first and second examinations. Results were satisfactory for
all the clinical criteria: bleeding upon probing (0.79), probing
depth (0.81), and clinical insertion loss (0.91).
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Table 1: Description of clinical diagnostic criteria for periodontal disease.
Clinical diagnostic criteria Description
(I) AAP
Presence of disease when a person has, at least, one tooth probing depth ≥ 4 mm and
clinical insertion loss ≥ 4 mm at the same site [3].
(II) Beck
Attachment loss ≥ 5 mm in four or more sites and at least one of these sites with probing
depth ≥ 4 mm [4].
(III) Machtei
Attachment loss ≥ 6 mm in two or more teeth and probing depth ≥ 5 mm in one or more
sites [5].
(IV) Lopez
Four or more teeth with at least one site with probing depth ≥ 4 mm and insertion loss ≥
3 mm [6].
(V) Albandar
Classifies periodontal disease as mild (1 or more teeth with probing depth ≥ 3 mm),
moderate (1 or more teeth with probing depth ≥ 5 mm or 2 or more teeth with probing
depth ≥ 4 mm), and severe (2 or more teeth with probing depth ≥ 5 mm or 4 or more
teeth with probing depth ≥ 4 mm) [7].
(VI) Tonetti
Considers attachment loss ≥ 3 mm in two or more nonadjacent teeth or insertion
loss ≥ 5 mm in 30% in of teeth [8].
(VII) Community Periodontal
Index (CPI)
Considers the worst condition encountered in six sites evaluated and used the following
four codes: 0 = healthy; 1 = absence of pockets, bacterial plaque retention factors, or
bleeding following probing; 2 = depth as much as 3 mm and presence of bacterial plaque
retention factors; 3 = pockets with probing depth between 4 and 5 mm; 4 = probing
depth ≥ 6 mm [9]






30–54 years old 148 (49.3)
≥55 years old 152 (50.7)
Marital status
With partner 128 (42.7)
Without partner 172 (57.3)
Income
≤R$ 400 150 (50)
>R$ 400 150 (50)
Educational background
Bachelor/high School 48 (16)
Elementary/none 252 (84)
Type of diabetes
Type I 86 (28.7)
Type II 214 (71.3)
During the main study, clinical exams were performed
in the dental offices of Brazilian National Health Care units
under artificial light, using Williams periodontal probes
(Hu-Friedy), mouth mirrors, and gauze. All norms of
biosafety were followed. To obtain a CPI score, data collected
were transformed according to CPI criteria.
2.3. Data Analysis. The data were organized in a database
using the Statistical Package for Social Sciences (SPSS) ver-
sion 15.0 for Windows. Processing involved data codification,
entry and editing. Absolute and relative frequencies were
determined for all variables. Univariate analysis was carried
out to determine the association of each set of clinical criteria
used to estimate periodontal disease and the OHIP-14, using
the Mann-Whitney, Kruskall Wallis and Pearson chi-square
tests, with the significance level of P < 0.05.
3. Results
Of all study participants, the majority had diabetes type II
(71.3%), were female (60%), age 55 or older (50.7%), living
without a partner (57.3%), and had low educational level
(71.3%) (Table 2).
Table 3 presents the association between OHIP-14 overall
results and periodontal disease, according to each one of the
clinical diagnostic criteria. Only III-Machtei (P = 0.043) and
IV-Lopez (P < 0.001) were statistically associated with overall
OHIP-14 (Table 3). The prevalence of periodontal disease
varied depending on the clinical criteria employed: 35.3%
(I-AAP), 30.7% (II-Beck), 35.0% (III-Machtei), 9.7% (IV-
Lopez); 92.3% (V-Albandar), 25.3% (VI-Tonetti), and 75.3%
(VII-CPI) (Figure 1).
Regarding OHIP-14 subscales, functional limitation was
associated with IV-Lopez (14.9% of diabetics with peri-
odontal disease suffered an impact on quality of life;
P = 0.006) and V-Albandar (28.4%, 8.2%, and 53.7% of
diabetics with mild, moderate, severe periodontal disease,
resp. suffered an impact on quality of life; P = 0.018); Pain
was only associated with the V-Albandar criteria (28.1%,
14.5%, 49.2% of diabetics with mild, moderate, and severe
periodontal disease, resp. suffered an impact on quality of
life; P < 0.001). Psychological discomfort was associated
with IV-Lopez (12.3% of diabetics with periodontal disease
suffered an impact on quality of life; P = 0.018). Physical
disability was associated with IV-Lopez (13.2% of diabetics
with periodontal disease suffered an impact on quality of
life; P = 0.047) and V-Tonetti (30.6% of diabetics with
periodontal disease suffered an impact on quality of life;
P = 0.046) criteria. Social disability was only associated with
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Table 3: Mean, standard deviation, median, and P value, OHIP-14 among diabetics. Belo Horizonte, 2005.
Diagnostic criteria Mean (± SD) Median P value
(I) AAP
Healthy 7.56 (5.86) 6.45
0.120
Periodontal disease 8.79 (6.43) 7.72
(II) Beck
Healthy 7.57 (5.86) 6.70
0.099
Periodontal disease 8.94 (6.51) 7.62
(III) Matchei
Healthy 7.49 (5.99) 6.40
0.043
Periodontal disease 8.92 (6.18) 8.10
(IV) Lopez
Healthy 7.57 (5.92) 6.50
<0.001
Periodontal disease 11.91 (6.34) 12.38
(V) Albandar
Healthy 7.05 (4.70) 5.72
0.265
Mild PD 7.32 (6.22) 5.60
Moderate PD 7.65 (6.39) 7.00
Severe PD 8.64 (6.09) 8.07
(VI) Tonetti
Healthy 7.66 (5.94) 6.81
0.130
Periodontal disease 8.97 (6.45) 8.16
(VII) CPI
Healthy 7.87 (5.52) 8.06
0.470
Bleeding 7.16 (5.83) 4.98
Pocket 4-5 mm 7.73 (6.17) 6.90













AAP Beck Machtei Lopez Albandar Tonetti CPI
Prevalence
Figure 1: Prevalence of periodontal disease according to clinical
diagnostic criteria. Belo Horizonte, 2005.
IV-Lopez (13.0% of diabetics with periodontal disease suf-
fered an impact on quality of life; P = 0.056). A handicap was
associated with I-AAP (47.0% of diabetics with periodontal
disease suffered an impact on quality of life; P = 0.025) and
II-Beck (40.9% of diabetics with periodontal disease suffered
an impact on quality of life; P = 0.041) criteria (Tables 4 and
5).
4. Discussion
The choice of one of the different sets of clinical criteria
for the diagnosis of periodontal disease is not a simple task,
since there is no consensual recommendation regarding the
use of these measures [3–5]. The measurement of health or
disease does not go beyond the tooth or site and controversial
measures impede the determination of an individual as either
healthy or sick. For instance, in our study the prevalence of
periodontal disease ranged from 9.7% (IV-Lopez) to 92.3%
(V-Albandar), depending on which set of clinical diagnostic
criteria was used.
This disparity calls for reflection. Some of the clinical
diagnostic criteria used in the present study consider the
result of the exam by the number of affected sites, whereas
others consider the number of affected teeth or a com-
bination of teeth and sites. Moreover, depending on the
manner in which the measurement is determined, a single
tooth may have four or six sites. Manau et al. investigated
whether the application of different definition criteria of
periodontal disease had an influence on the significance of
the association between periodontal disease and prematurity
or low birth weight. They used fourteen definitions of
periodontal disease and results showed that significance of
the association between periodontal disease and pregnancy
outcomes may be determined by the periodontal disease
definition or measurement used [13]. A similar study was
carried out involving cases and controls in order to compare
four definitions of periodontal disease and respective asso-
ciations with premature birth/low birth weight; the authors
concluded that the magnitude of the association varied
depending on the definition of periodontal disease employed
[25].
Two clinical criteria of periodontal disease (Machtei and
Lopez) were statistically associated with the OHIP-14 overall
score. The Machtei criteria may be considered the broadest
for determining the prevalence of periodontal disease, as
it considers insertion loss ≥ 6 mm in two or more sites
and probing depth ≥ 5 mm in one or more sites for the
diagnosis of the disease. The Lopez criteria appear to be more
cautious regarding the extension of periodontal disease, as
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they consider four or more teeth with at least one site with
probing depth ≥ 4 mm and insertion loss ≥ 3 mm.
It is appropriate to highlight that Community Peri-
odontal Index (CPI) was statistically associated with neither
the overall OHIP-14 nor with any of its subscales. CPI
is recommended as an epidemiological tool by the World
Health Organization (WHO), and it has been widely used
internationally. In our study, we were able to classify the
worst CPI criteria code 3 or 4 (with pockets). If the patient
had only one site probing ≥ 4 mm, he/she was diagnosed
as having periodontal disease. This may explain why there
was no association between impact on quality of life and
periodontal disease.
The test of the association of each of the seven sets
of criteria and the OHIP-14 dimensions showed that the
Lopez criteria were statistically associated with functional
limitation, psychological discomfort, physical disability, and
social disability (limitrophe P value for this last one).
This evidence may be explained considering that the more
strict a clinical criterion is, the higher the chances are of
it having an association with negative impact on quality
of life. The Albandar criterion was only associated with
pain. Psychological disability was not associated with any
of sets of clinical criteria for the diagnosis of periodontal
disease. Depending on the clinical criteria used, there were
differences in the impact of periodontal disease on quality of
life, even when measured by the same questionnaire (OHIP-
14).
Different cut-off points for probing depth and insertion
loss imply differences in prevalence rates and the results
of tests on associated factors. Criteria for the definition
of the presence and absence of periodontal disease are
controversial, and there is a clear need to establish a cut-off
point between health and disease for periodontics, as well as
establish the meaning of the disease for individuals. Towards
this end, some studies have adopted more rigorous criteria
to minimize overestimated rates of periodontal disease and
its association with quality of life. Severe periodontal disease,
measured by Beck criterion, will negatively impact on the
diabetic’s life, as measured by OHIP-14 [17].
It is worth noting that the majority of studies pub-
lished so far comprise the issue of periodontal disease and
quality of life in individuals without diabetes. Bernabé and
Marcenes (2010) investigated the association between quality
of life and periodontal disease among 3,122 British adults
and found that they were inversely associated in spite of
socioeconomic conditions, demographic factors, and clinical
conditions [26]. Among the few studies which focused on
the relation between diabetes and quality of life, Sandberg
and Wikblad (2003) pointed out that having diabetes played
an important role in the domains physical functioning, role
functioning physical, general health and social functioning,
when compared to patients without a history of diabetes
[27].
Although our study included a representative sample
of diabetic patients in the public healthcare system of
Belo Horizonte, Brazil, it is important to point out some
limitations of this research. First, our study is cross-sectional,
which does not allow any inference with regard to causality.
Second, our sample size does not give us reasonable values
for type I and II errors for the dimensions “psychological
disability,” “social disability” and “handicap.” The main
issue raised by the results of the present study is that the
definition of a disease established by a given set of clinical
diagnostic criteria may either overestimate or underestimate
the chances of an individual being considered sick or healthy.
Likewise, the impact periodontal disease has on quality of
life may vary depending on the definition of the disease
established by one of the seven sets of diagnostic criteria
analyzed here. Additionally, we did not register the mean
duration of diabetes, and therefore were not able to consider
development of comorbidities that negatively impact quality
of life.
As health and sickness are terms that correspond to
unique experiences laden with subjectivity, it seems unlikely
that these terms are recognized in the totality of their
meanings [28]. The concrete phenomenon of becoming ill,
self-perception of the individual, and professional diagnosis
most often fail to coexist in harmony [29]. This means that
the same disease may be seen from different standpoints,
the consequences of which are the differences identified in
the impact that periodontal disease has on the daily life of
affected individuals.
5. Conclusion
The concept of health or disease as determined by clinical
diagnostic criteria may influence the results of the assessment
of the impact of periodontal disease on quality of life of
diabetics, while the perception of affected individuals is
unique. Studies directed at the establishment of standardized
criteria for the diagnosis of periodontal disease are needed.
Such studies should be focused on the health-disease process,
including its social determination. A reference standard for
epidemiological studies addressing periodontal disease could
contribute to the organization of health actions in the field of
collective health.
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